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SOME PHYSICAL.CHARACTERISTICS OF THE EAR' — 


By Joun P. Minton 
Ryerson Puysica, LABORATORY, UNIVERSITY OF CHICAGO 
Communicated by R. A. Millikan, June 3, 1921 


By means of the audion oscillator, a special telephone receiver tuned 
to a high natural period and placed against the ear and a suitable circuit 
numerous tests at various frequencies have been made on the minimum 
audibility current for both normal and abnormal ears. From these data 
important conclusions can be drawn regarding the physical and physiologi- 
cal structure of the ear and also concerning the functioning of the ear and 
the auditory nerves with their endings as organs of hearing. The con-- 
clusions drawn, then, are based on precise physical measurements which 
can be checked to within about five per cent from time to time. 

Sensitivity of Normal Ears.—Ears are considered normal when no physi- 
ological defects are observable by the otologist. Ifwe define sensitivity 
as the reciprocal of the minimum vibrational energy in ergs of the receiver 
diaphragm that the normal ear can detect, then curves can be plotted show- 
ing the sensitivity as a function of the frequency. ‘This has been done for a 


- number of normalears. The curve shown in figure lisatypical one. It is 


to be observed that up to about 6000 cycles three distinct maxima of sensi- 
tivity are present; one at 900 cycles, one 1800 and another one at 3900. 
It is also important to observe that the sensitivity is much greater through- 
out the region from 200 to 4500 cycles than outside this range. Within — 
this region are included all the frequencies which are of most importance 
for both speech and music. ‘The natural period of the receiver was 5215 
cycles when this curve was taken and the absence of a peak in this position 
shows that the receiver characteristics have been corrected for satisfactorily. 
All the maxima, then, occur below the resonant frequency of the receiver. 

Curves on other normal ears show maxima which agree for the most 
part in location but not in magnitude with the curve shown in figure 1. 
Because of the marked similarity between the response curves for coupled 
mechanical vibratory systems and the curves for normal ears, it seems 
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as though we are justified in thinking of the ear as whole as a coupled 
vibratory system and referring to the maxima of sensitivity as its resonant 
frequencies. The resonant frequencies are not to be thought of as harmon- 
ics of the fundamental. 

Sensitivity of Abnormal Ears.—In the study of abnormal ears, where 
disease has affected certain portions of them and has produced partial - 
deafness, curves of two types are plotted. The first type shows at the. 
various frequencies how much current must pass through the receiver. 
for the patient to just hear the tones compared with that required for 
a normal ear to hear. The second type shows the sensitivity of the ear 
at the various frequencies. Both methods of plotting the data are of 
value for studying the physical characteristics of the ear. 

In figures 2 and 3 are shown curves relative to the normal reference 
ear for two totally different types of deafness. The former curve is for 
a case of oto-sclerosis (so-called ‘‘Fixation of the Stapes”), a type of 
middle ear deafness and the latter curve is for a case of internal ear trouble 
(so-called ‘“‘Nerve Deafness’’). ‘The curves are alike in no respects, what- 
soever. In the case of middle ear trouble there are marked depressions 
relative to the normal reference ear (figure 1) in the regions of 600 to 
1200, 1800 to 2000, 2000 to 2500 and 3000 to 3500 cycles. There have been 
taken for different patients with middle ear deafness several curves and all of 
them agree in the location of these depressions. Some of these depressions 
are relative and some of them are absolute as reference to figure 4 will 
show. This figure (4) gives the sensitivity at the various frequencies 
of the ear referred to in figure 2. The two curves shown in figures 2 and 4 
together give one accurate information on the physical characteristics of 
the defect. The stapes is not fixed but simply hindered and modified 
_ in its motion so as to produce less sensitivity than is possessed by a normal 
ear and also so as to give a sensitivity curve with three distinct resonant 
frequencies all of which are at higher frequencies than the corresponding 
ones for the normal reference ear and, as is to be expected, the peaks at 
the lower frequencies are displaced toward higher frequencies more than 
those in the upper part of the scale. 

The curves for the case of the internal ear trouble shown in figures 3 
and 5 are of much value in suggesting how the internal ear system functions 
physically. The patient’s hearing is essentially the same as a normal 
ear up to about 2600 cycles as shown by figures 3 and 5; shown better in 
the latter, however. Then, the depression (shown better in figure 3) 
from 2600 to 4500 cycles is very great. When one recalls that the vibra- 
tional energy of the receiver diaphragm is proportional to the square of 
the receiver current, he will then grasp the significance of these curves 
in showing the enormous increase in the vibrational energy necessary for 
the patient to just hear compared with a person possessing normal hearing. 
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To show the ability of the person to check the data the dotted curves, 
taken six months later, are shown in figures 3 and 5. The curves 
not only check the earlier data but also show in the best possible manner 
that there has been no change to speak of during the six months’ period. 

Several curves of this type have been obtained for different patients, 

‘but with the depressions showing up at different frequencies. We may 
ask how is it possible for so serious a defect to affect the hearing in only 
a single region of this sort? Without going into the anatomical evidence 
regarding the structure of the ear, we may say that physically the affected 
parts in these cases are evidently very loosely coupled (speaking mechani- 
cally) to the rest of the ear which functions normally out side of this region. 
Such would not be the case for middle ear trouble as shown by figures 2 
and 4. The limit of audibility for this patient, who is 25 years old, is 
about 12000 cycles which is lower than we should expect for a person of 
this age. So that, the whole region above 3000 cycles (roughly speaking) 
is probably affected. From arguments to be presented elsewhere? it 
may be that this lesion is one affecting the transverse fibres of the basilar 
membrane. ‘The data at hand seem to indicate that these fibres function 
in somewhat the same way as postulated by Helmholtz and others (not 
however as pitch ‘‘determinators.”) Hence, possibly the fibres above 3000 
cycles are prevented from performing their proper function while those below 
this frequency are not yet affected. 

Auditory Nerve Endings.—In concluding this brief account it is worth 
while to show how the data suggest the part played by the nerve endings, 
not as organs for changing mechanical energy into auditory nerve energy, 
but as organs which respond only to a very narrow range of frequencies 
where the pitch discrimination is good and which respond to wider ranges 
where the discrimination is not so good. Some curves were taken 
which showed that within a range of one hundred cycles the hearing 
decreased suddenly so that the patients were unable to hear even though the 
vibrational energy of the receiver diaphragm was made 10,000 times as 
great as was necessary for them to hear at the lower frequency and perhaps 
10” as large as was required for a normal ear to hear at the frequency in 
question. With this amount of energy the region of the internal ear 
corresponding to the lower frequency was certainly vibrating with an 
amplitude considerably in excess of that necessary for audibility. Yet, 
no tone was heard. In other words, apparently it would be necessary 
to stimulate the nerve corresponding to the higher frequency if the tone 
of the higher pitch is to be heard. So that, apparently a nerve will re- 
spond only to one frequency or a very narrow band of frequencies. The 
actual pitch determination, then, resides in the nerve endings which 
appear to have this highly selective action. It seems probable, then, 
that this work is leading into fields which can be explored by precise 
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physical measurements and fields which up to the present time have not 
been covered satisfactorily by other means of investigation. 

The writer is greatly indebted to Dr. J. Gordon Wilson, Head of the 
Department of Otology Northwestern Medical School, with whom this 
co-operative research has been done and to whom equal credit for the 
success of the work is due. The writer is also indebted to Professors 
Millikan and Lunn of the Department of Physics of the University of 
Chicago for their helpful suggestions and enthusiastic interest during all 
the stages of development up to the present time. 

1John P. Minton and J. Gordon Wilson, ‘Sensitivity of Normal and Defective 
Ears for Tones of Various Frequencies,” Proc. Inst. of Medicine, Chicago, 1921. 


2John P. Minton, “Physical Characteristics of the Ear,” in preparation for the 
Physical Review. 


NON-DISJUNCTION AND THE CHROMOSOME RELATIONSHIPS 
OF DROSOPHILA WILLISTONI 


By Resecca C. LANCEFIELD AND CHARLES W. METz 


STATION FoR EXPERIMENTAL Evoiution, Sprinc Harsor, N.Y. 
Communicated by C. B. Davenport, May 5, 1921 


Of the eleven types of chromosome groups found in the genus Droso- 
phila (Metz ’16)’ that designated type A is the most widespread—occur- 
ring in 13 of the 29 species that were studied. ‘This type is represented in 
figure 1. It consists of one pair of rod-like chromosomes, two pairs of 
long, V-shaped chromosomes and (usually) one pair of very small spheri- 
cal ‘‘m’”’ chromosomes.' The constancy of this type among the 13 species 
is such as to suggest a genetic homology of the respective pairs of chromo- 
somes throughout. On the other hand the species themselves are scattered 
more or less at random through the genus and do not constitute a re- 
stricted taxonomic group. ‘This suggested the desirability of a compari- 

. son of the genetic constitution of the chromosomes in two or more of 
these species. 

Since D. melanogaster was already well known genetically and cyto- 
logically, and thus afforded a convenient basis of comparison, we under- 
took a study of D. willistoni,? a species resembling melanogaster in ap- 
pearan e and in chromosome constitution. In the course of this study 
we have found, by an examination of non-disjunctional flies, that the 
chromosomal resemblance between willistoni and melanogaster is mis- 
leading, for the sex chromosome pair of willistoni does not correspond 
morphologically to that of melanogaster but corresponds, rather, to one 
of the autosome pairs of this species. . This would indicate that corre~ 
sponding chromosomes in the two species are not all strictly homologous. 

The evidence for this conclusion together with a brief discussion is given 
below. 
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Figures 1 and 2 are diagrams; figures 3-10 are camera lucida drawings from fixed 


and sectioned material.‘ Figure 1. 


Chromosome group of Drosophila melanogaster 


female; X chromosomes represented in solid black. Figure 2. Chromosomes group 
of Drosophila willistoni; X chromosomes in solid black. Figures 3 and 4. Normal 
female groups of willistoni. Figures 5 and 6. Normal male groups of willistoni. 
Figures 7-10. XXY groups from non-disjunctional females of willistoni. 


Cytological Data-—The normal female chromosome group of Droso- 
phila melanogaster is represented diagrammatically in figure 1 and that 
of D. willistoni in figures 2-4. In melanogaster, as shown by Bridges® 
(‘16) in his work on non-disjunction, the rod-like chromosomes are the 
X chromosomes.* These are represented in solid black in the diagrams. 
In the male of melanogaster this pair is asymmetrical, X being rod-like 
.and Y J-shaped. In the male of willistoni no asymmetry is evident in 
any pair (figs. 5,6). Otherwise the chromosomes of willistoni correspond, 
member for member, with those of iehemogaster, except for the possible 


absence of the minute, spherical pair. 
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The lack of inequality in the sex chromosomes of the willistoni male 
necessitated obtaining non-disjunctional flies with three sex chromosomes 
in order to distinguish sex chromosomes from autosomes. As shown by 
_ the genetic data given below these non-disjunctional flies were females 
having one Y and two X chromosomes. Four chromosome groups from 
such females are shown in figures 7-10. In each of these there is an extra 
chromosome, and it is clearly a large and V-shaped one. Since this must 
be a sex chromosome it proves that the sex chromosome pair in willistoni 
is one of the long, V-shaped pairs and not the rod-like pair as would have | 
been expected from analogy with melanogaster. We have obtained 
numerous clear cut figures both of the normal group in each sex and of 
the non-disjunctional group, and are confident that the evidence is en- 
tirely conclusive on this point. 

Genetic Data.—In obtaining and identifying the non-disjunctional 
flies we have followed the procedure used by Bridges (’16) in the case of 
D. melanogaster. The following summarized account shows the resem- 
blance between the results in the two species and indicates the source of 
the XXY chromosome groups described above. 

Primary non-disjunction appears to be very rare in willistoni and no 
cases (which could be checked) were observed in our regular experiments. 
In approximately 150 cultures made especially for this purpose only two 
cases were detected. In each of these the exceptional fly was a female. 
The first came from a cross of a rough eyed female by an orange, small- 
bristle male, both from stock cultures. (Rough, orange, and small-bristle 
are all inherited as sex-linked recessives.) ‘This mating gave 132 normal 
daughters, 111 rough eyed sons, and 1 rough eyed (exceptional) daughter 
(Culture W 1715). Since this rough daughter had already mated with a 
rough brother, it was not possible to detect “‘secondary’’ exceptions pro- 
duced by her. Six of her rough daughters, however, produced 11 ex- 
ceptional sons and daughters among 960 significant flies, or 1.14 percent 
of exceptions. In succeeding generations about the same ration was main- 
tained, as is shown in table 1. For the sake of convenience, this strain 
has been designated as “‘line A.” . 

The second primary exception appeared in an entirely unrelated stock, 
involving the characters two-bristle, short-3, and rough. It gave rise to 
a second strain known as “line B.” ‘Table 1 gives a summiary of the 
breeding tests with this line, which gave results essentially similar to those 
of line A. 

In addition to the ordinary cases of “reductional” non-disjunction 
we have also detected two cases of ‘“‘equational” non-disjunction. This 
type was first described by Bridges (’16) who reported 18 “‘equational ex- 
ceptions,” i.e., daughters homozygous with respect to a recessive character 
for which the mother was only heterozygous. In most of his cases, he 
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was able to demonstrate that crossing over had taken place in one chromo- 
some and not in the other, while in two cases he showed that two crossover 
chromosomes were present in the exceptional daughter. He explained 
these facts as due to non-disjunction occurring at the equational division, 
and believed that they involved crossing over at the “four strand stage”’ 
in the primary oocyte. 

Of the two certain cases of “equational” non-disjunction in willistoni, 
one gave a result like that just mentioned. The exceptional fly in this 
case came from an XXY female (W 1955) which had stubby, orange, 
small-bristle in one X chromosome, and orange, rough, short in the other. 
This female was crossed to a two-bristle, short-3 male and produced the 
following offspring: 135 daughters and 119 sons of the regular classes, 2 
two-bristle, short-3 sons (secondary exceptions of the ordinary ‘“‘reduc- 
tional” type), and 1 stubby, orange, small-bristle daughter—an ‘‘equation- 
al” exception. This last female produced secondary exceptions as ex- 
pected, but she also carried a sex-linked lethal so that her only surviving 
sons were ‘stubby, orange, small-bristle. Her exceptional daughters, 
being of the same constitution, also gave this same lethal ratio, but breed- 
ing tests from her regular daughters revealed her constitution. By such 
means it was proved that she had one non-crossover chromosome carrying 
stubby, orange, and small-bristle, and one crossover chromosome carrying 
stubby, orange, small-bristle, rough and short, and the new lethal. A 
non-disjunctional strain was established from this female known as line 


D (table 1). 


TABLE 1 
SumMaRY OF BREEDING TESTS 

LINE TOTAL FLIES EXCEPTIONS 

A 6671 117 1.8 

B 1131 13 147 

Cc 701 3 0.4 

497 22 44 
9000 155 1.7 


The other equational exception !s not of special interest since both of 
her chromosomes were non-crossover chromosomes, as far as the region 
that could be followed was concerned. It is not certain whether her 
mother, a descendant of line B, carried a Y chromosome. She gave rise 
to line C (table 1). 

Additional possible cases of equational exceptions have been found but 
they could not be positively identified as such. 

To secure XXY chromosome groups for cytological study the daughter 
of exceptional females from line A (W 1894b) were used. Theoretically 
half of these daughters should be of the desired constitution. No attempt 
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was made to determine whether or not this 1:1 ration was actually realized, 
but XXY individuals were found without difficulty in the material put 
up for cytological study. 

Discussion.—The evidence is not yet sufficient to ‘indicate the exact 
relationship between the chromosomes of the two species considered here, 
but it does indicate that either the chromosomal resemblances are merely 
superficial or that the sex determining element (gene? or genes?) has been 
transferred from one chromosome pair to another. A comparison of the 
sex-linked mutant characters in the two species ought to throw some 
light on this question. It has not done so up to the present, however, for 
although we have obtained 27 such characters in willistoni they show so 
little resemblance to any in melanogaster (either sex-linked or non sex- 
linked) that they give no clue to chromosomal relationships. 

The observed frequency of secondary non-disjunction in willistoni 
(average 1.7%) was less® than that found by Bridges in melanogaster 
(4.3%). There is no indication at present as to why this should be the 
case unless the size of the sex chromosomes be considered a factor. 

1The “m” chromosomes are often difficult to detect. They may be lacking 
entirely in willistoni. 

2 D. willistoni Sturtevant (D. pallida Williston). 

3 Dr. Bridges kindly informs us that he has subsequently verified this conclusion. 

4 We are indebted to Dr. José Nonidez for making the drawings for figures 3-10. 

5 Line D may possibly be an exception but the small numbers make this doubtful. 

6 Bridges, C. B., Genetics, 1, 1916 (16-52, 107-163). 

7 Metz, C. W., J. Exp. Zool., 21, 1916 (213-276). 


AN APPARATUS FOR DETERMINATION OF THE GASES IN 
BLOOD AND OTHER SOLUTIONS 


By Donatp D. VAN SLYKE 
Hospital, OF THE ROCKEFELLER INSTITUTE, NEw YORE 
Communicated July 5, 1921 


The apparatus consists of a pipette with the upper stem closed by a 
stopcock, the lower connected with a glass tube. The latter deseends 
800 mm., then turns at a right angle to connect with a levelling bulb and a 
mercury manometer open at the upper end. The pipette is calibrated at 
two points to hold a and A cc., respectively, as shown in the figure. 

For an analysis the pipette is filled with mercury. ‘The solution to be 
analyzed, followed by the reagents to free the gases (e.g., acid for CO: in 
carbonates) is admitted with slight negative pressure through the upper 
cock, displacing mercury in the pipette. A Toricellian vacuum is created 
by lowering the levelling bulb, and the meniscus of the mercury in the 
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pipette is allowed to fall to the mark indicating A cc., as shown in the 
figure. Cock c is closed, and the pipette is shaken for the time required 
to establish equilibrium of the gases between the solution and the free 
space above it. One to two minutes 
usually suffice. Mercury is then read- 
mitted at cock c until the gas volume in 
the pipette is reduced to a cc. Cock c¢ 
is closed and the height of the mercury 
column in the manometer is read (m mm.). 
The zero point is then determined after 
expelling the gases from the apparatus, 
pon By or after absorbing one or more of them 
by introduction of small, measured vol- 
umes of gas-free absorbent solutions (KOH 
for pyrogallol for through the 
upper cock under slight negative pressure. 
After the gas has been removed the 
pressure is lowered until the free space 
above the solution is again a cc., and the 
J zero point for the determination is read 
on the manometer (” mm.). 
The volume, V, of gas reduced to 0°, 760 mm., contained in the solu- 
tion analyzed is calculated as: 
Sa 
760 


T = absolute temperature, S = volume of water solution in the apparatus, 
a = solubility coefficient of the gas in the solution (the cc. of gas, reduced to 
0°, 760 mm., dissolved by 1 cc. of solution in equilibrium with the gas at 
760 mm. tension). 


The term 2, which corrects for the portion of gas remaining in 


solution when equilibrium is reached, may be negligible for the less soluble 
gases, such as oxygen and nitrogen, but not for CO... The term is derived 
as follows. If Vs = volume of gas (measured at 0°, 760 mm.) held in 
solution by the S cc. of solution, and p = partial pressure of the gas 


= 
Vs SX aX 


In case x cc. of absorbent solutions are introduced, a correction ton is 
necessary. It is ascertained by determining m for S and for S + xcc. of water, 
respectively, the dissolved gases being removed by expulsion. 
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The solubility of CO, also makes an empirical correction necessary for 
reabsorption of the gas while the volume is undergoing reduction from 
50-Scc.toace. Inour apparatus, where S = 50 cc.,a = 2cc., the factor is 
approximately 1.020, the reabsorbed CO; being 2 per cent of the total. For 
the less soluble gases reabsorption may be kept negligible. 

No correction for vapor tension is required, since it is practically the 
same at thereading of both m and n. 

For a given gas volume the value of the pressure change (m — n) is 
inversely proportional to that of a. a may accordingly be so chosen that 
for the gas volumes obtained the percentage error in measuring a cc. of 
gas will be of the same order of magnitude as that in measuring the ac- 
companying (m — n) mm. of pressure change. The total volume A of the 
pipette chamber is a matter of convenience, but it is desirable to have it so 
large that the greater part of the dissolved gases shall be extracted. For 
analysis of 1 cc. of blood convenient magnitudes are A = 50, a = 2, 
S = 2.5. At 20° 1 volume per cent of gas under these conditions gives a 
reading of m — n = 3.9 mm., so that if m — n can be determined within 
0.4 mm. the error is 0.1 cc. of gas per 100 cc. of blood. 


ADAPTIVE RADIATION AND CLASSIFICATION OF THE PRO- 
BOSCIDEA! 


By Henry FAIRFIELD OSBORN 
AMERICAN Museum oF NatuRAL History, NEw York Crry 
Read before the Academy, April 26, 1921 


In 1900 the author predicted that the source of the mammalian order 
of the Proboscidea would probably be discovered in Africa. In 1901 
Beadnell and Andrews revealed, through the Geological Survey of Egypt, 
the rich fauna of the Fayfim, southwest of Cairo, in which were found 
the remains of three proboscidean genera, named by Andrews Meri- 
therium, Paleomastodon, Phiomia, confirmed by subsequent explora- 
tion and research to be the oldest proboscideans thus far known. Ani- 
mals similar to Meritherium and Phiomia have since been reported by 
Pilgrim in southern Asia. These animals are now found to belong re- 
spectively to three distinct lines of the Proboscidea, namely, the moeri- 
theres, the true mastodonts, the long-jawed bunomastodonts, as indicated 
in black on the accompanying diagram. ‘They point, however, to a long 
antecedent origin and radiation. This is part of the evidence for an 
ancient adaptive radiation process by which it now appears that the 
proboscideans, like other hoofed mammals, were broken up into ee 
great primary stocks way back in Eocene times, namely: 


An amphibious stock, adapted to rivers and swamps, of limited migration. 
A mastodont stock, adapted to forests and savannas, of wide migration. 
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An elephant stock, adapted to grassy plains, savannas, and steppes, of wide migration. 
These primary stocks gave off from two to six branches each, so that 
the Proboscidea as a whole are not two branched (i.e., mastodonts and 
elephants), as formerly supposed, but many branched or polyphyletic. 
The forest and savanna browsers and the grazers of the plains and steppes 


were the long distance travelers and from an African or Asiatic center 


in Eocene times they reached in the Middle and Upper Miocene all the 
continents of the world except Australia, while the amphibious forms 
remained in Africa and southern Eurasia. Certain of these branches, 
like the true mastodons, are of very great geologic antiquity. Intelligent, 
independent, well defended, resourceful, adaptive, we find eleven very 
distinct branches of proboscideans persisting into Upper Pliocene times, 
five of the least hardy of which became extinct during the colder condi- 


tions of the Lower Pleistocene. 

The known lines of evolution are shaded on the accompanying diagram; 
the unknown are left in white. The adaptive radiation may be expressed 
in a formal classification as follows: 

Amphibious and swamp-living stock 

I. MOERITHERIOIDEA (Mceritheres) 

1. Meeritheriini,? amphibious or swamp-living forms known in the Upper 
Oligocene of Africa. 

II. DINOTHERIOIDEA (Dinotheres) 

2. Dinotheriini,* large amphibious forms frequenting the rivers of southern 
Eurasia throughout the Miocene to the close of the 
Pliocene. 

Forest and savanna grazers 

Ill. MASTODONTOIDEA (Mastodonts and Bunomastodonts) 

MASTODONTIDAE OR “true mastodonts,” including the subfamily 

3. Mastodontine, springing from Paleomastodon of the Oligocene of North 
Africa, and terminating with Mastodon americanus 
of the Pleistocene forests of North America; grinders 

lophodont, lacking trefoils. 

4. Serridentine,‘ first known in the Middle Miocene of France and Switzer- 
land, spreading over into India and North America; 
lacking the trefoils. 

BUNOMASTODONTIDAE, the bunomastodonts, springing from forms similar to the 
Phiomia of North Africa and separating into four 
main. divisions: 

5. Notorostrinz, a special branch entering the Andean region of South America 
and spreading over the South American continent, 
distinguished by the loss of the lower tusks and the 
abbreviation of the jaw. 

6. Longirostrine, typical long-jawed bunomastodonts arising in North Africa 
(Phiomia), spreading all over southern Europe, Asia, 
and North America, and giving off: 

7. Rhynchorostrine, beaked bunomastodonts, known only in the southern 
United States and northern Mexico, with powerful 
downturned upper and lower tusks. 
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8. Brevirostrine, short-jawed bunomastodonts, which imitate both the true 
mastodonts and the elephants inthe abbreviation 
of the lower jaw and the early loss of the inferior 
tusks. These animals wandered all over Europe, 
Asia, and western North America. 

IV. ELEPHANTOIDEA (the Elephant stock) 

9. Stegodontinz, the original members of which were doubtless ancestral to all the 
higher elephants, persist as an independent branch 
into the Lower Pleistocene of eastern Asia. 

. 10. Loxodontine, embracing the great African division of the elephants be- 
ginning with Loxodonta antiqua of the Upper Pliocene, 
which wandered all over southern Eurasia and radiated 
widely over Africa. 

11. Mammontinz, including (a) the Southern Mammoths (Elephas planifrons 
of India and E. Meridionalis of Europe), from which 
is derived E. imperator of North America, and (b) the 
Northern Mammoths, which probably include E£. 


columbi and the widespread E. primigentus of the - 


northern steppes; tetradactyl pes. 
12. Elephantine, the true elephants (EZ. indicus of India), which do not appear 
until the Upper Pleistocene; pentadactyl pes. 

This twelve-fold branching of the proboscideans is similar to the adap- 
tive radiation which the author has traced in the evolution of the horses, 
of the rhinoceroses, and of the titanotheres, carrying the fundamental 
lines of separation back to the Middle Miocene as the most recent date, 
and to the Middle or Lower Eocene as the most remote date. 

It will be observed from the diagram that the shaded areas 
represent those phyla of which remains have been discovered. The 
large unshaded area includes the entire Oligocene, Miocenes, and Lower 
and Middle Pliocene history of the Elephantide which is still unknown 
but which is likely to be revealed at any time by discoveries both in Africa 
and in central Asia. A very striking fact is that the geologically earliest 
known member of the Elephantoidea is the Elephas planifrons of the 
Upper Pliocene of India, the apparent ancestor of the mammoths. 

1 The first paper in this series is entitled, ‘A Long-jawed Mastodon Skeleton from 
South Dakota and Phylogeny of the Proboscidea,”’ Bull. Geol. Soc. Amer., March, 1918; 
the second paper, “Evolution, Phylogeny, and Classification of the Proboscidea,”’ 
Amer. Mus. Novitates, No. 1, January 31, 1921 (Osborn, 1921. 514); the third paper, 
“First Appearance of the True Mastodon in America,” Amer. Mus. Novitates, No. 10, 
June 15, 1921; the fourth paper appears in the Bulletin of the Geological Society of 
America, under the title, “Evolution, Phylogeny, and Classification of the Mastodon- 
toidea;’’ the present is the fifth paper. The Iconographic Type Revision will form one 
of the Memoirs of the American Museum of Natural History. 

® Herluf Winge, 1906, p. 172. 

Ibid. 

“It is a question whether this subfamily is nearest the Mastodontide, with which 
its members are generally placed by European paleontologists. 


# 


i 
3 
& 
| 
2 
i 
a 
4 
is 
= 
a 
$a 


Vot. 7, 1921 GENETICS: A. H. STURTEVANT 235 


A CASE OF REARRANGEMENT OF GENES IN DROSOPHILA! 


By A. H. SrurtTevant 
University, New York Crry 
Communicated by T. H.,Morgan, May 28, 1921 


Seven mutant genes of Drosophila simulans have been shown to be 
allelomorphic to previously known mutant genes of D. melanogaster.” 
Five of these lie in the X-chromosome, and a study of their linkage re- 
lations was shown to indicate that the sequence of the five loci concerned 
is the same in both species, and that the percentages of crossing over in 
comparable regions, while not indentical, is still not very different. The 
other two allelomorphic mutant genes, scarlet and peach, lie about 3 units 
apart in the third chromosome of melanogaster; in simulans they lie in 
the same chromosome (which is thus identified as the third one), but 
they were found to be at least 45 units apart. 

More recently two more mutant genes of simulans that lie in the third 
chromosome have been studied. One of these, dachs,’ lies to the left 
of scarlet; the other, deltoid,‘ lies between scarlet and peach. The latter, 
since it makes possible the detection of a portion of the double crossovers, 
has resulted in a more accurate determination of the scarlet peach dis- 
tance. The map based on the linkage relations of these four loci (not 
corrected for unobservable double crossing over) is shown in figure 1. 

Both of the new mutant types, dachs and deltoid, resemble previously 
known mutant types in D. melanogaster. Dachs in melanogaster lies 
in the second chromosome; it is accordingly not surprising that tests 
have shown it not to be allelomorphic to dachs simulans. Deltoid re- 
sembles delta melanogaster. Since both genes are dominant, the usual 
test of allelomorphism could not be applied; but each has also a recessive 
lethal effect, and crosses of delta melanogaster by deltoid simulans have 
shown that the hybrids that receive both mutant genes do not develop. 
It follows that the two genes are allelomorphic. The map of the melano- 
gaster third chromosome, including the known ends and the = loci 
occupied by parallel mutations, is shown in figure 2.° 

not in the same sequence in the two species. 

Mr. D. E. Lancefield has obtained evidence suggesting a similar re- 
arrangement of genes in the X-chromosome of D. obscura. His results 
were obtained before those here reported, but are not yet published. 
Since D. obscura hag not yet been crossed with any other species, the 
evidence for identity of loci is not conclusive in this case. _ 

The only analogous case so far reported appears to be that briefly de- 
scribed by Bridges* under the name of “vermilion duplication.” In 
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this case a section from near the middle of an X-chromosome of D. 
melanogaster appears to have broken loose and attached itself to 
the left-hand end of a normal X-chromosome. Weinstein’ has shown 
that such an occurrence might lead to a change of sequence of 
identical loci such as is here reported. If we suppose that the simulans 
third chromosome was originally constituted as is that of melanogaster, 
the situation as we now find it may be supposed to have arisen as follows: 
A section, including the peach locus, broke loose and attached itself near 
the right-hand end of a normal third chromosome. After this condition 
had become established the peach locus near the middle of the chromosome 
mutated or became “deficient,” so that in effect the peach locus was 
moved to the right end of the chromosome. Such an interpretation will 
account for the observed facts.® 

There is, however, another possible method whereby the same result 
might be supposed to have been brought about, viz., by the simple in- 
version of a section of a normal chromosome. Such an accident seems 
not unlikely to occur at the stage of crossing over. If we suppose a chro- 
mosome to occasionally have a “‘buckle” at a crossing over point, it is 
conceivable that crossing over might be followed by fusion of the broken 
ends in such a way as to bring about an inversion of a section of chromosome. 

Either of the two suppositions discussed will account for the observed re- 
sults, but they should lead to different relations for other loci in the same 
chromosome; it is hoped that further work will lead to the discoveryof ad- 
ditional parallel mutations, so that the maps may be studied in more detail. 
_ If an inversion of the kind suggested above occurred within a species, 
then individuals bearing one normal chromosome and one chromosome 
with an inverted section would probably show no crossing over in the 
region in question, since it seems probable that synapsis in this region 
would be abnormal or absent. It would also be not surprising if crossing 
over in adjacent regions was decreased. But individuals homozygous 
for the inverted section would be expected to show free crossing over 
again, since there should now be no difficulty at synapsis. 

The relations indicated are those that have actually been found in the 
cases of the two “crossover genes” in melanogaster known as C7,;° and 
Cry. ‘These “‘genes’”’ both cause, in individuals heterozygous for them, 
the disappearance of crossing over in the immediate regions where the 
“genes” themselves lie, and a considerable reduction of crossing over in 
neighboring regions. In individuals homozygous for either of these 
“genes,” however, the percentage of crossing over.rises to (or beyond) 
that found in “normal” individuals. Experiments are now under way 
in an attempt to determine if these ‘‘genes” are really simply inverted 
chromosome sections, but it will aie be a long task to definitely 
settle the matter. 
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The demonstration of a change in sequence of identical loci that is here 
reported makes the identification of parallel mutations in species that 
cannot be crossed even more difficult than it has previously seemed; for 
identity of sequence in a group of identical loci now appears not to be 
necessarily expected. 

0.0| dachs 0.0 

14.2] scarlet 

39.0 | deltoid 41.5 
44.5 

76.5! peach 63.5 


101.0 | minute-23 
FIGURE 1 FIGURE 2 

1 Contribution from the Carnegie Institution of Washington. 

* Sturtevant, A. H., Genetics, 6, 1921 (63, 179). 

3 Discovered by Prof. T. H. Morgan. 

* Discovered by Dr. C. B. Bridges. 

5 This map is based on the more extensive one published by Bridges in these Pro- 
CEEDINGS. 

6 Bridges, C. B., J. Gen. Physiol., 1, 1919 (645). 

7 Weinstein, A., these ProckEpINGs, 6, 1921 (625). 

8 It is, of course, possible to invert this interpretation by supposing the simulans 
situation to be the original one. 

9 Muller, H. J., Amer. Nat., 50, 1916 (103, 284, 350, 421), and Sturtevant, A. H., 
Carnegie Inst. Wash. Publ., No. 278, 1919 (305). 

10 Sturtevant, A. H., these ProceEpINGs, 3, 1917 (555), and Carnegie Inst. Wash. 
Publ., No. 278, 1919 (305). 


A REMEASUREMENT OF THE RADIATION CONSTANT, h, BY 
MEANS OF X-RAYS 


By Duane, H. H. PALMER AND Cur-Sun YEH 
Jerrerson Paysicat, LABORATORY, HARVARD UNIVERSITY 
Communicated July 6, 1921 
’ Since the discovery of the fact! that the continuous X-ray spectrum 
has a short wave-length limit, which obeys the quantum law, a number of 
experimentors have used this phenomenon to determine the value of h.? 
In its application to X-rays the quantum law may be expressed by the 

equation 


Ve = bv, (1) 
where V represents the maximum difference of potential in the X-ray tube 
through which the electrons fall, ¢, the charge carried by each electron, 
v, the frequency of vibration corresponding to the short wave-length 
limit of the spectrum, and h, Planck’s action constant. Evidently a 
measurement of V and » gives us the ratio of h to ¢, and from this we 
get h, if we suppose ¢ to be given by other experiments. Blake and Duane* 
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made the most accurate measurement of / in our laboratory. Using 
Millikan’s value of ¢ = 4.774X10~'° they obtained the value h = 6.555 

The object of the research reported in this note is to increase the accuracy 
of the measurement ofh. We use anew and somewhat improved spectrom- 
eter and a new calcite crystal. The X-ray tube contains a tungsten 
target and a Coolidge cathode. A side arm attached to the tube extends 
out toward the spectrometer and carries at its outer end a thin mica 
window. ‘The increased intensity of the X-rays coming through this 
window enables us to use a narrower spectrometer slit, which red uces the 
correction that must be made for the slit’s width. 

As in the previous researches the high tension storage battery supplies 
the current through the X-ray tube. In the present research we have 
greatly increased the accuracy of the measurement of the difference of 
potential applied to the tube. Whereas in the previous researches this 
difference of potential was compared with the electromotive force of a 
standard cell through the calibration of several intermediate instruments 
(an electrostatic voltmeter, an ammeter, and a potentiometer), we now 
compare the difference of potential directly with the electromotive force 
of a standard cell by means of the simple potentiometer method. In this 
way we eliminate the errors in the calibrations of the various instruments. 
The main circuit in the simple potentiometer consists of a large number of 
coils of manganin wire having a total resistance of over six million ohms. 
We use the same precautions in insulating the various circuits as one 
employs in making measurements of ionization currents. The ratio of 
the resistances of two sections of the main circuit gives us directly the 
ratio of the difference of potential to the electromotive force of the standard 
cell. As the ratio of two resistances can be measured with extreme ac- 
curacy, we think that we know the difference of potential applied to our 
X-ray tube with about the accuracy with which the electromotive force 
of the standard cell has been determined. We use two unsaturated 
Weston standard cells, each of which has been tested at the Bureau of 
Standards, and we compare them with each other from time to time. 
The certificates from the Bureau give the electromotive forces of the cells 
to within one part in ten thousand. 

The actual drop in potential in an X-ray tube through which the electrons 
fall differs from the drop in potential measured by the potentiometer by a 
small amount due to the Volta effect, the current that heats the coil of 
wire in the Coolidge cathode and the high temperature of the wire. In 
our experiments the circuits are so connected and the voltage applied 
to the tube is so high that we may neglect the corrections due to these 
effects. 
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In making a measurement of h, one experimenter observes the galvanom- 
eter attached to the potentiometer, and by varying a resistance in series 
with the X-ray tube keeps the difference of potential applied to it constant 
during the experiment. A second observer measures the current in the 
spectrometer’s ionization chamber. A series of readings is taken on the 
two sides of the spectrometer’s zero near the points at which the continuous 
X-ray spectrum vanishes. Curves A and B in the figure represent the 
ionization currents as functions of the angles that fix the positions of the 
reflecting crystal in one of the experiments. ‘The horizontal portions of the 
curves correspond to the currents due to natural leak and to stray radiation. 


6 
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Crystal Table Angle 
The inclined portions represent the increase in these currents due to the 
continuous X-ray spectrum. The readings corresponding to the short 
wave-length limit of the spectrum can be determined to within a few seconds 
of arc. As indicated in the figure, the difference between these readings 
on the two sides of the zero gives us twice the glancing angle 0, which 
must be substituted in the equation 
= 2dsin = 6.056 X X 10-*cm. (2) 

in order to calculate the shortest wave-length \, in the continuous X-ray 


A small correction has to be added to the observed value of 0, due to 
the fact that the source of rays and the slit of the spectrometer are not 
mathematical lines. ‘The correction for the breadths of the source and 
slit we determine in two ways. Firstly, we estimate the apparent breadth 
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of the focal spot as seen from the spectrometer’s slit, and then measure the - 


width of the slit by the method described on p. 630 of the paper by Blake 
and Duane referred to above.* Secondly, we measure the breadth of the 
drop in the ionization curve due to the K critical ionization of bromine. 
The ionization chamber containes ethylbromide. Curve C in the figure 
represents this drop in the curve in one of the experiments. The breadth 
of this drop corresponds within the limits of error of the measurements to 
the correction to be added to the double angle 20, as determined by the 
first method. ‘The correction is small. It amounts to less than one part 
in three hundred. 

Incidentally, the measurements we have made of the critical ionization 
of bromine gives a very accurate measurement of its critical ionization 
wave-length. As an average we obtained the value . 

= (.9180 + .0002) X 10-8 cm., 
assuming that the grating constant of calcite is 6.056 X 10~%cm. 

We tried to obtain an estimate of the correction for the breadth of the 
source and the slit by measuring the breadth of a peak on the ionization 
curve corresponding to a line in the characteristic emission spectrum of 
the tungsten target. In every case examined, however, the breadth of 
the peak appeared to be slightly broader than what the measured breadth 
of the source and slit indicated it should be. This means that the corre- 
sponding emission lines have certain finite, intrinsic breadths of their own. 
If the K critical ionization of bromine has such an intrinsic breadth it is 
too small to be detected in these experiments. 

Since from the wave equation, 

\Xv = c = 2.998610" 


where c is the velocity of light, we can calculate immediately the maximum ~ 


frequency v in the continuous spectrum. This, together with the difference 
of potential, V, substituted in equation 1, gives us the ratio of h to e. 

The data obtained in four complete measurements of kh appear in table 
1. Column 2 contains the uncorrected values of 6, column 3 the correc- 


TABLE 1 
GLANCING ANGLES AND RADIATION CONSTANT 
DATE (UNCORRECTED) @(CORRECTED) Vsin h 
March 15 4°-46’-43” 47” 4°-47’-30" 2039.2 6.5539 X 10-27 
March 21 4°-46’-53”" 43” 4°-47’-36" 2039.9 6.5561 
March 30 4°-46’-53” 51" 4°-47'-44" 2041.0 6.5594 “ 
April 5 4°-46’-48’ 45" 4°-47'-33" 2039.6 6.5552“ 


Mean 2040.0 6.5562X10-2 
tion for the breadths of the source and of the slit, and column 4, the corrected 
values of 6. Column 5 contains the values of the product V sin 6 (which is 
what we really measure in our experiments). ‘This product depends to a 
slight extent upon the temperature. ‘The temperature in these experiments 
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is about 20° Centigrade. The value of V as measured by the potentiom- 
eter is 24,413 volts in each case. We estimate that the error of precision 
in the product V sin @ amounts to about one part in two thousand. 

Column 6 contains the values of h calculated from the values of V sin 0. 
Since several constants occur in these calculations (the velocity of light, 
the grating constant of calcite and the charge on the electron), the values 
of h are not quite as accurate as those of Vsin @. We estimate the probable 
error in h to be about fifteen parts in ten thousand. This gives us an 
average 

h = (6.556 = .009) X 10-?7. 

This value of h agrees with that previously published by Blake and 
Duane.* It is, however, a fraction of one per cent larger than the value 
recently obtained by E. Wagner in a careful series of measurements. 

In the experiments described above the X-rays left the target in a 
direction at right angles to the line of motion of the cathode particles. An 
interesting question has been raised recently as to whether the limit 
of the continuous spectrum would be altered if the rays came off at some 
other angle. To test this point with the accurate method of measuring 
the voltage which we now have, we made a series of experiments with an 
ordinary Coolidge tube (tungsten target) placed so that the X-rays that 
passed through the spectrometer’s slit left the target at an acute angle 
of about 45° to the direction of the cathode stream. ‘The results of this 
series of measurements appear in table 2. As in the previous experi- 
ments the voltage applied to the tube amounted to 24,413 volts. The 
X-ray tube had no thin mica window, so that the accuracy appears to 
be somewhat less than in the previous series of measurements. The 
value of Vsin@, however, does not differ from that for rays at right 


; TABLE 2 
GLANCING ANGLES AND RADIATION CONSTANT 

DATE (UNCORRECTED) @(CORRECTED) V sin 0 h X 10-27 
April 6 4°-46’-35" 4°-47’-35" 2039.8 6.556 
April 6  4°-46’-33’ 4°-47'-33”" 2039.6 6.555 
April12 4°-46’-53" 48” 4°-47'-41” 2040.7 6.558 
April27 4°-46’-43” 47" 4°--47'-30" 2039.3 6.554 
2039.9 6.556 


angles to the cathode stream. There does not appear to be a Doppler 
effect for the short wave-length limit of the spectrum that amounts to as 
much as one part in two thousand. This agrees with Wagner’s results.‘ 

A very much more detailed report of this research is being published in 
one of the Physical Journals. 


1 Duane and Hunt, Physic. Rev., Ithaca, Aug., 1915, p. 166. 
2 See a report in the Jahrbuch der Radioahctivitét, etc., for 1919 by E. Wagner, and 
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also a report on “Data Relating to X-Ray Spectra” by — Duane, published by 
the National RESEARCH CoUNCIL. 

* Blake and Duane, Physic. Rev., Dec., 1917, p. 624. 

4 See E. Wagner, Jahrbuch der Radioahctivitat, 1919, also Physik. Zeit., Nov., 1920, 
p. 621; and C. Zecker, Ann. Physik. Leipzig, Sept., 1920, p. 28, also a note by D. L. 
Webster, presented to the American Physical Society at the same meeting at which 
the authors presented a note on thisresearch, April, 1921. 


THE U-TUBE ABSOLUTE ELECTROMETER 


By Car, Barus 
Brown UNIVERSITY 
Communicated May 25, 1921 
1. Electrical Condenser.—Adjusting the wide shank of the shallow U-tube 
heretofore described (these PROCEEDINGS, 7, 1921, p. 71) with the top plates 
- removed, so as to admit a metallic disc above the earthed mercury surface 
and parallel to it, the device becomes an absolute electrometer. The disc 
is perforated at the middle sothat the component rays of the interfer- 
ometer may reach the mercury. This instrument is chiefly useful in 
measuring electrostatic potentials. If p is the electric-pressure below the 
disc charged at potential difference V and h is the head of mercury result- 
ing 


V=d \8xp=d V8rhpg=d V4xdpg.n 
where d is the distance between disc and mercury, p the density of mercury 
and \ the wave-length of light when » fringes correspond to V. Hence if 
d=1 millimeter, V=.315 yn els. units; or =95 yn volts. 
2. Improved A pparatus.—The electrometer eventually took the form shown 
in figure 1 which gives the apparatus in connection with the electrophorus 


bed 
at 
10 8 & 40 1h #4 


and a commutating key similar to Mascart’s. To put the mercury M to 
earth, a steel screw, S, which also carries a flat clamp for fastening one end 
of the earthed wire, has been inserted. ‘This screw, S, has the further im- 
portant purpose of damping the oscillations of the mercury M or M’, by 
adjustably closing the channel m. ‘The deflections can thus be made quite 
dead beat, which is an advantage. To level the electrodes C, C’ (using a 
small spirit level placed on them) each has connecting rod d, which carries 
a clamp at one end, allowing the rod a, a’ to slide up and down, rotate 
‘ 
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around a, a’ and d, d’ and admitting of small displacements along d. At 
the other end of each rod is a flat vertical plate which is received in a 
fissure at the top of the corresponding hard rubber post k, k’ and clamped. 
This gives a horizontal axis at right angles to the preceding. The lower 
ends of the posts k, k’ are suitably clamped to the tubes #, #’, attached to 
the body B of the electrometer. Here further motion along the tubes ¢, t’ 
and rotation around them is possible. In this way it is not difficult to 
place C, C’ symmetrically above the mercury pools and parallel to their 
upper faces, for experimental purposes. It is not sufficient, however; if 
precision is required. 

Figure 1 shows the Mascart key below on the right, which consists of 


the elastic brass strips 1, 1’, the earthed cross bar » above them and the ° 


cross bar q below. Thus the whole U-tube is earthed when not in use. 

The bar q is connected by wires with the brush A of the electrophorus 
shown on the left, so that when / or 1’ are depressed into contact with gq, 
C or C’, respectively, receives a positive charge while the other electrode 
and the mercury is earthed. This affords a very satisfactory means of 
commutation; for since AV=C.n=C'yn’, the electrodes are so ad- 
justed that C and C’ are nearly equal. . 

Tests were made with this apparatus and a known AV = 173 volts. 
For example, the scale readings in the ocular on commutation were x = 34, 
x’ = 17 so that (x -— x’) = .7 (n + n’), as the fringe breadth was .7 scale 
parts. Thus AV =A 24, or A = 35.3 volts per fringe, initially. With 
large fringes and under — surroundings 3 or 4 volts could have been 
detected. 

The upper face of the dnaoiinis P is on a vertical micrometer screw, 
insulated by the hard rubber connector h. The distance apart of p, r and 
p’ (to be denoted by d’ and d”) or any change of this distance (Y) are thus 
closely measurable in turns (mm.) of the screw. In a dry room this 
apparatus retains its charge Q very well and a great variety of fields are 
producible. 

3. Equations.—If we treat the case of the electrophorus as a closed cylin- 
drical field of cross section A, and if Vo is the potential of the charged hard 
rubber surface, we may write 


where Q’, V’ are the positive charge and potential in the top plate at a 
distance d’ from the charged rubber surface at potential V> and K’ the 
specific inductive capacity of the dielectric medium. A similar equation 
holds if Q”, V” are the charge and potential of the lower plate at a dis- 


tance d” from Vo with a layer of specific inductive capacity K” between. 


If the two plates are put in contact, V’ = V’. 
If the two plates thus charged are then insulated and the top plate is 
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moved normally towards the lower, a distance of y, the equations reduce to 
— AV = 44Qd"y/A(K"d' + K'd") =-const. Vn, 

AV being the potential difference thus produced and measured at the U- 

tube electrometer taken as small in capacity in comparison with the 


electrophorus. 
Q=Q'+Q". Hence, asa first approach, the y, ” locus is a parabola. 
For instance in the following example the insulation loss amounted to not 


more than 2 fringes in 10 minutes at full charge. The pitch of the microm- 
eter screw being .1 cm., the upper plate was conveniently discharged 
when d’ = 1 cm. above the hard rubber surface. Large fringes (about 
1.5 scale parts) were installed. ‘The fringe displacements (m) observed on 
‘ lowering and raising the plate are shown in figure 2. The outgoing and 
incoming series practically coincide. _ 

4. Specific Inductive Capacity.—In equation (7) if the space d’ is filled with 
air, K’ = 1. On the other hand if a plate of some insulator like glass is 
inserted of thickness d’, 

da’ “in d’, + d’, 
where d’, is the thickness of the air layer. Moreover if K, is the specific 
inductive capacity of the insulator 
d'/K' = d’, + d’,/K, 
If, therefore, in the absence of the insulator, y is the downward displace- 
ment of the upper plate which gives the same fringe displacement u, and 
hence the same V as the insertion of the insulator plate, the resulting 
equations eventually reduce to 
K,=d’, /(d, — 9) 

To determine the specific inductive capacity of a given insulating plate, the 
electrophorus is discharged at a convenient distance, d’, between plate 
and hard rubber face. The insulator (K,) is then inserted (noting the 
fringe displacement ~) and withdrawn. ‘The fringes must return to zero, 
showing that no charge has been imparted by the friction of the insulator. 
The upper plate is now depressed (y) on the micrometer screw until the 
same fringe displacement » is obtained. The operation is quite rapid; 
nevertheless the results so obtained were usually too large. Dielectric 
hysteresis was looked for, but could not have exceeded a fringe breadth. 

5. Absolute Values—The comparison of the U-tube with three different 
Elster and Geitel Electroscopes, the latter all standardized in volts, is given 
in figure 3 and is as linear within the reading error. The U-tube results 
were computed by equation A, measuring d from the mercury surface M’ 
in figure 1 to the electrode C’, with allowance for the K of glass plate. They 
are about four times too large. When, however, the measurement of d 


was made from the top of the glass plate to the electrodes, the results of the _ 


two instruments practically coincided. Hence the thin glass plate here 
acts like g conductor. The charge is transferred to its top face. 
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GEOMETRIC ASPECTS OF THE ABELIAN MODULAR 
FUNCTIONS OF GENUS FOUR (J) 


By ARTHUR B. CosBiz! 
DEPARTMENT OF MATHEMATICS, UNIVERSITY OF ILLINOIS 
Communicated by E. H. Moore, June 21, 1921 


1. Introduction—The plane curve of genus 4 has a canonical series 
g§ and is mapped from the plane by the canonical adjoints into the normal 
curve of genus 4, a space sextic which is the complete intersection of a 
quadric and a cubic surface. If we denote a point of this quadric by the 
parameters #, r of the cross generators through it the equation of this 
sextic is F = (ar)® (at)* = 0. For geometric purposes we may define 
a modular function to be any rational or irrational invariant of the form 
F, bi-cubic in the digredient binary variables 7, t; for transcendental 
purposes it is desirable to restrict this definition by requiring further 
that this invariant, regarded as a function of the normalized periods w; 
of the abelian integrals attached to the curve, be uniform. - 

There seems to he an unusually rich variety of geometric entities which 
center about this normal curve. Some of these have received independent 
investigation. It is the purpose of this series of abstracts to indicate a 
number of new relations among these various entities and to connect each 
with the normal sextic F. The methods employed are in the main geo- 
metric. Direct algebraic attack on problems which contain nine irremov- 
able constants, or moduli, is difficult. However much information is 
gained by a free use of algebraic forms containing sets of variables drawn 
from different domains. Both finite and intiqite discontinuous groups 
are utilized at various times. 

2. The Figure of Two Space Cubic Curves.—White? has introduced for 
other purposes the interpretation of the form F = 0 as the incidence con- 
dition of the point r of the space cubic curve C;(r) and the plane ¢ of 
the space cubic C2(#). There is dually an incidence condition of plane 
7 of C,(r) and point ¢ of C;(t), expressed by a form F= (Ar)* (At)* = 0. 
We call the sextics of genus 4 determined by F = 0 and F = 0 reciprocal. 
Each is the same covariant of degree three of the other. 

3. A. Set of Four Mutually Related Rational Plane Sextics—On each 


, Of the cubic curves C;(r), C2(#) regarded as a point locus there is a net of 


point quadrics Qi, Q2, respectively; on each regarded as a plane locus there 
is a net of quadric envelopes, Q:, Qs, respectively. The net Q; cuts the 
curve C;(t) in © ? sets of six points which lie in an J§(#). An I$ on a binary 
domain may be visualized as the line sections of a projectively definite 
(but not localized) rational plane sextic S2(#). Thus the four nets determine 
the four rational plane sextics of the array 
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Su(r), Salt) 
Si(r), S2(#). 
Two sextics in a row of the array will be called paired sextics; two in a 
column, counter sextics; and the other pairs, diagonal sextics. If any one 
of these sextics be given, its I$ spread out on a space cubic will determine 
the other space cubic and thereby the entire set of four. The nodal 
parameters of the paired sextics in the upper row are those of the ten 
common chords of C;, C2; in the lower row, those of the ten common axes 
of Ci, Cz The equations of the sextics are 
(a a’)? (at) (a't) (ar)? (a'r)? = 0, (AA’)® (Ar) (A’r) (At)* (A’t)? = 0, 
(A A’)? (At) (A’t) (Ar)? (A’r)® = 0, (aa’)? (ar) (a’z) (at)® = 0. 
Here the coefficients of the quadratics in ¢ or 7 furnish three line sections of 
the respective sextic. The significance of the quadratic parameter appears 


in 6. 


4. Two Birationally Related Quartic Surfaces —The two nets Q2 of 
point quadrics on C,, C2, respectively, are apolar to a web of quadric en- 
velopes Q; similarly the nets Q,, Q: are apolar to a web of point quadrics, 
Q. The jacobians, J, J, of these respective webs are quartic envelope or 
surface, respectively; the first on the ten common chords, the second on 
the ten common axes of Ci, C;. If we map by means of the web Qits 
space upon another space, the jacobian J, the locus of nodes of quadrics in 
Q, is mapped upon a surface = of order 16 and class 4, the Cayley symme- 
troid quartic envelope with ten tropes. ‘The two cubic curves are mapped 
upon two paired rational space sextics Ri(r), Re(?) which are conjugate to 
the paired rational plane sextics 5,(r), S:(#), respectively, i.e., plane sec- 
tions of the space sextic are apolar to line sections of the Conjugate plane 
_ sextic. The symmetroid = is the locus of planes which cut the sextic R; 
in catalectic sections. Similarly the jacobian J counter to J is mapped by 
the web Q upon a point symmetroid 5 counter to Z, and Ci, Cz upon 
rational space sextics R,(r), R2(#), counter to R,(r), Re(#), respectively, 
and conjugate to S;(r), S2(#), respectively. 

5. References.—Meyer* has discussed the relation of J to the sextic 
S:(#) and mentions the occurrence of counter sextics. Conner‘ considers 
the mapping from J to 2 and its connection with the paired rational sextics. 
The above introduction of the tetrad of rational sextics as defined by the 
sextics F, F of genus 4 is novel. Schottky,® beginning with the abelian 
theta functions of genus 4, derives a set of ten points in space which are 
the nodes of a quartic surface and merely states a characteristic property 
of this surface by which it can be identified with 2. The writer* has 
shown that = can be transformed by regular Cremona transformation 
into only a finite number of projectively distinct symmetroids. These 
classes permute under the group (mod. 2) of integer transformations of the 
periods of the functions of genus 4. The analogous result for the plane 
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rational sextic involves a subgroup of the group (mod. 2) of the periods of 
the functions of genus 5. This indicates a connection (which we seek) 
of the functions of genus 4 and those of genus 5. Proceeding the other 
way Wirtinger’ obtains the plane sextic of genus 4 as the locus of vertices 
of diagonal triangles of a linear series g{ upon a ternary quartic (p = 3). 

This transition will be discussed later. 

6. The Covariant Conic R(r) of the Rational Plane Sextic S:(t)—From 
the existence in the net Q, of a quadratic system of cones we conclude 
that the rational sextic So() has a covariant conic K(r) such that the ten 
nodes of S2(i) determine upon K(r) the ten pairs of nodal parameters of 
the sextic S;(¢) paired with the given sextic S.(!). ‘This theorem furnishes 
the bond between ten nodes as a ternary figure and ten nodes asa binary 
figure on the rational curve. The equation of the sextic in Darboux 
coérdinates referred to the norm conic K(r) is precisely that given in 3. 

7. The Perspective Cubics of S2(t). The form (312). We denote by 
the symbol he ee sabe **) an algebraic form of order 7; in the variables of an 
Si, of order tz in the variables of an Sie, etc. Unless explicitly restricted 
these sets of variables are digredient. Thus F =(ar)* (at) is a form 
(33). By polarizing F into (ar:) (ars) (ar) (at)® and replacing the pair 
of parameters 71, 72 by the point x which they determine in the plane of 
K(r) we obtain the (3/3) form 

(wx) (dr) (6t)* 

a general form of the orders indicated with nine absolute constants. For 
given 7 this form determines a rational cubic envelope perspective® to the - 
sextic S2(#), i.e., line ¢ of the cubic is on point ¢ of the sextic. The sextic 
is the locus of the meets of corresponding lines of any two of the ©! per- 
spective cubics, and it has the equation (r’t) (dd’) (ét)* (6’)* = 0. 
Conversely given the sextic the family of perspective cubics is determined. 
Each cubic r has three cusps whose parameters are given by (rr’x") (dr) 
(d’r) (d"r) (85’)3 = 0. This is F = (Ar)* (At)® whence the cusp 
locus, G C(r), is birationally general and of genus 4. ‘The equation of the 
cusp locus is the determinant of the coefficients of (rx) (x’x) (dr) (d’r) 
(85’)? (81) (8't) regarded as a form bi-quadratic in r, t. Thus GC(r) is a 
sextic whose six nodes are the points for which the first minors of the above 
determinant vanish and.these first minors furnish the nine linearly in- 
dependent quartic adjoints of GC(r). 

The curve of genus 4 has two special series g?, residual with respect to 
each other in the canonical series. These appear in the normal form as 
the triads on the two sets of generators of the quadric containing the — 
sextic. One of these series on GC(r) is the triads of cusps of perspective 
cubics of S:(#). The web of adjoint cubics of GC(r) is furnished by the form 

(wx) (dd’) (65’) (8'6") (86")* (6’t) (d’r) = 0, 
t and + being variable with the cubic of the web. For fixed 7 and variable 
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t we have the pencil of adjoint cubics on the cusp triad of Sa perspective 
cubic r. 

The form (rx) (dr) (6t)* for fixed x and variable 7 is a pencil of binary 
cubic. This pencil has two linear combinants®: a = (x) (’x) (dd) 
(88") (62)? (8't)? and b = (4x) (dd’) (88’)'. The invariants 7, of 
the binary quartic a also.are combinants. ‘The invariant 7 is a sextic 
curve d, the invariant 7 is 6. Hence the discriminant of a factors and the 
two factors b* + d and b*- d furnish the equations of the cusp locus GC(r) 
and the rational sextic S2(). We conclude further that there are 12 per- 
spective cubics of S2(?) with flex points at the meets of b and d. The 
sextics osculate at these points with the flex tangents as common tangents. 
The 12 flex | points are the branch points on GC(r) of the function #(r) 
defined by F = 0. Thus a projective (but not a birational) peculiarity 
of GC(r) is that the 12 branch points of one of its series g? lie on a conic b. 

The parametric line equation of the conic K(r) on which the nodes of 
S2(#) determine the nodal parameters of 5;(r) is of degree four in the coef- 
ficients of (313). Its symbolic form is (d’r) (68’)® 
{ (dr) + (da’’’) } = 0. 

With reference to the cubic space curves C;(r), C2(é) the point x deter- 
mines an axis 1, of C:(r) on planes 71, 72; 7 is the third plane of Ci(r) on a 
point y of J,; and ¢ a plane of C;(#) on y. Then to points x on GC(r) there 
correspond axes of C; on points of C; and to the nodes of GC(r) the six 
axes of C; which are chords of C2; to points x on S2(f) there correspond 
axes of C; on planes of C2, and to the nodes of S2(#) the ten common axes 
of C2. If xo is a node of S2(#) the form (dr) (6t)* factors into 
(lot) (Aot) . (Got)? where (got)? is the pair of nodal parameters. ‘The ten 
forms (/,7) (Act) will appear later in connection with the symmetroid. 
Other covariants of the (3/3) form are easily interpretable with reference 
to C, C2. ‘Thus a furnishes the four parameters ¢ of tangents of C, which 
meet the axis 1, of C,, and b determines the axes /, of C; which are in the 
null system of C2. 

From the definition of perspective curves the line t’ of the perspective 
cubic (rx) (dr) (6t’)® will cut the sextic (6t)? (6’t)® (dd’) in the 
point ¢ = #’. On forming the incidence condition of line and point, 
removing the factor (#’), and setting 7’ = t, we obtain 

(St)? (6't)? (84) (d’d”) (dr) 
which furnishes the seven contacts'°iof the perspective cubic with the 


. sextic. This is a form ({j) of general type containing nine absolute con- 


stants which will appear later. 


_ 1 This investigation has been pursued under the auspices of the Carnegie Institution 
of, Washington, D. C. 
2 H. S. White, these ProcgEpines, 2, 1916 (337). 
* Meyer, A polaritat und Rationale Curven, pp. 320-47. 
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“Conner, Amer. J. Math., 37, 1915 (29). 

5 Schottky, Acta Math., 27, 1903 (235). 

® Coble, Amer. J. Math., 41, 1919 (243). 

7 Wirtinger, Math. Ann., 27, 1892 (261); Untersuchung iiber Thetafunctioners, 
Leipzig (1895). 

8 Coble, Amer. J. Math., 32, 1910 (333). 

® Shenton, Ibid., 372 1915 (247). 

10 Cf. Coble, J. c., p. 352. 


MELANOVANADITE, A NEW MINERAL FROM 
MINA RAGRA, PASCO, PERU 


By WALDEMAR LINDGREN 
DEPARTMENT OF MINING, METALLURGY AND GEOLOGY, MAssacHusETts INstTITUTE 
or TECHNOLOGY 
Communicated, March 9, 1921 


Late in 1920 Mr. W. Spencer Hutchinson, Consulting Engineer for the 
Vanadium Company of America, brought to my attention three specimens 
of a mineral collected by him at Mina Ragra, Peru. He suspected that it 
was a new mineral, and this opinion was proved correct by chemical and 
optical examination. The formula is 2CaO.3V20;.2V20, and I wish to pro- 
pose for it the name of Melanovanadite, in allusion to it being practically 
the only vanadium mineral of a deep black color.’ 

The mineral occurs in acicular bunches on black brecciated shale, the 
individual crystals being at most 3 mm. long. 

The greater thickness of the needles is about 0.5 mm. ranging down to 
0.1 and 0.01 mm. The color is black, luster almost submetallic, streak 
very dark reddish brown. ‘The hardness is 2.5 the specific gravity 3.477 
at 15°C. The habit of the crystals is prismatic, parallel to c, with mon- 
oclinic symmetry. ‘The principal faces consist of a flat, striated prism, 
the longer diagonal being parallel to the b axis, minor pinacoidal faces, and 
usually well developed terminal faces of. pyramids and smaller domes. 
The crystals have a perfect cleavage parallel to (010). 

Under the microscope the crystals remain black except in very thin 
prisms which are translucent with brown color. 

Flat cleavage pieces parallel to the clinopinacoid only become trans- 
lucent when the thickness is about 0.003 mm. and then show maximum ex- 
tinction of about 15°. Resting on the prism (100) the crystals become 
brown translucent with a thickness of about 0.03 mm. and then show lower 
extinctions of 12° to 13°, while these resting more nearly on the orthopin- 
acoid extinguish at lower angles. The perfect cleavage being perpen- 

1 The ending “vanadite” is an obsolete form of ‘“‘vanadinite,” but there can scarcely 
be any objection to using this form in the present case. 
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dicular to the poorly developed orthopinacoid, extinctions of 0° are rarely 
seen. Exact optical measurements are difficult on account of the deep — 
color. Obscure hyperbolae show on the prism faces and it is probable 
that the plane of the optic axes lies parallel to the perfect cleavage (010). 
The absorption is very strong. The a ray is visible with dark yellowish 
brown color through the prism faces and the orthopinacoid and has ac- 3 
cording to a determination kindly made by Professor C. H. Warren a i 
coefficient of refraction of 1.74; while the 6 and y rays are somewhat 3 
Pi higher but cannot be measured exactly on account of the strong absorp- : 
tion. The @ and 7 rays therefore lie in the 010 plane of perfect cleavage ; 
, and their absorption is so strong that such cleavage pieces only become 
translucent in extremely thin plates, with dark reddish brown color, B 
and + differing slightly in depth of tint. The double refraction is strong. 
The material was analysed by Professor L. F. Hamilton of the Massa- 34 
chusetts Institute of Technology, who reported the following composition: q 


V:0s 52.61 

33.34 
CaO . 9.89 

MgO .27 
Al,0;Fe:0; 1.89 

Silica 1.66 

99.66 


Assuming the alumina, iron oxide, magnesium and silica to be 
impurities from the admixed shale the analysis may be recalculated to: 


V20s 54.90 

V:0. 34.78 

CaO 10.32 
100.00 
i From this we calculate | 
54.90 _ 
55 = 0-302 | 
| 34.78 
Vi0. = 0.209 


V0; : V20, : CaO = 302 : 209 : 184 | 

or approximately 3:2:2. ‘The formula would therefore! be | 
2 Ca0.3V205.2V20. | 

The calculated composition of this would be: tt 
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Before the blowpipe the mineral fuses very easily to a brown liquid but 


gives no flame reaction for calcium. It gives strong bead reactions for 


vanadium. It is easily soluble, with apple green color, in HNO;, HCl, 
and dilute H,SO.. Upon the evaporation the solution gives a red or brown 
residue. In potassium hydroxide melanovanadite is easily soluble with — 
brownish color. 


Editorial Note :—This issue of the PRocEEDINGs, those immediately pre- 
ceding, and those immediately to follow, have been seriously delayed by . 
the nation-wide printers’ strike which began on May first, 1921. 

The Editors and the publisher of the PRocEEDINGS desire to express 
their gratitude to the authors and to the subscribers for the patience 
which has been shown in respect to these trying delays and to assure 
them that all efforts are being made by all concerned toward getting the 
PROCEEDINGS back to regular and prompt publication with every indica- 
tion that success will be assured in the very near future. 

In such an emergency the printing of reprints has to be given second 
place as compared with the publication of the PRocEEDINGS but we hope 
to ship all reprints ordered without undue delay. 

In order to facilitate the issuance of delayed numbers it has been neces- 
sary to make up the various articles in some cases in an order materially 
different from that of their receipt. 
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